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FOREWORD 

One of the promising applications being developed under the Atomic 
Energy Commission's Plowshare program is the use of nuclear explosions 
to stimulate low-producing or "tight" natural gas fields. In a previous 
report Mathematica, under contract to the AEC, examined in general 
terms the economic potential of gas stimulation. One of the specific 
questions raised in the report was whether nuclear stimulation will 
release enough gas to make production from such fields economically 
attractive. Accordingly, on there own initiative, Mathematica prepared 
and made available to the AEC, a cost-benefit analysis of nuclear gas 
stimulation based on the amount of gas in-place, the expected total 
recovery rate, and the distribution law of the annual production rates. 
A total of 120 possible production cases are considered. 

With the expectation that this analysis will be of interest generally, 
as well as to those involved in the Plowshare program, the AEC is pleased 
to make this report available. 

John S. Kelly, Director 
Division of Peaceful 

Nuclear Explosives 



INTRODUCTION 

The purpose of this study is a cost-benefit analysis for nuclear 

stimulated gas reservoirs based on a set of technical hypotheses in 

respect to: 

(a) The amount of gas in place; 

(b) Expected total recovery rate; and 

(c) The distribution law of the annual production rates. 

In the working out of our set of technical hypotheses,  we are 

mainly concerned with the investment profitability of only one kind 

of project,   i.   e. ,   gas stimulation with nuclear technology,  taking 

into account the repercussions in the future but not the side effects 

on many industries,   regions,   etc. ,  which are highly unpredictable 

given the incipient stage for industrial applications of this new 

technology.      At the same time,  we are performing a kind of 

sensitivity analysis,  where the calculations are repeated many times 

for different values of our main variables.     This is an extremely 

important tool where estimates of costs and/or benefits are uncertain. 

A total of 120 possible production cases are discussed,  and 

for each of them,  we calculate the present value of the total future 

net revenues at the following ten discounting interest rates:    6%, 

8%,   10%,   12%,   14%,   16%,   18%,   20%,   22%,  and 24%. 

Part 1 of the paper is concerned with the technical feasibility 

of nuclear gas stimulation pointing out which would be the beneficial 

effects of a nuclear explosion in a tight gas formation. 



Part 2 deals with the assumptions underlying the model building 

based,   in some cases,   on empirical observations and,  in others,   on 

predictions made by several projects on nuclear explosive stimulation 

of natural gas reservoirs. 

Part 3 treats a cost-benefit model for each one of the possible 

production cases.        The main variables of the model are:   (a) investment 

cost,   (b) rate of return,   (c) amount of gas in place,  and (d) total recovery 

rate.    In our analysis,  the rate of return and the amount of gas in place 

are considered exogenous variables,  i.   e. ,  those unexplained by the 

model.    In other words,  the values of the exogenous variables are 

assumed to be known and taken as given for the purposes of the study. 

To consider the rate of return or marginal efficiency of investment 

as an exogenous variable implies that the decision-makers decide, 

in advance,  which discounting interest rate (greater than the current 

interest rate) would be required to render an investment profitable. 

This is a standard procedure in projects involving risks and/or 

uncertainties and,   consequently,   adequate to projects using nuclear 

technology.     The total recovery rate and the investment cost are the 

endogenous variables,  i.   e. ,  those explained by the model. 

Part 4 refers to the workability of the model.       There it is 

clearly shown,  with some numerical examples,   that the two major 

results of the model are: 



(a) The determination of an economically profitable upper 

limit of investment cost for each production case.     According to 

the way in which the model was built,  the upper limits of investment 

costs are actually equal to the discounted present value of the total 

future net revenues.    Therefore,  the discounting interest rate is,   in 

our analysis,  the marginal efficiency of investment or the rate of 

return.    The determination of an economically profitable upper limit 

of investment cost is very useful information for nuclear projects, 

where the presence of safety costs makes it very difficult to estimate 

the investment costs accurately. 

(b) The determination of an economically feasible lower limit 

of the expected total recovery rate for each production case.      Given 

an amount of gas in place and a rate of return fixed as desirable by 

the decision-maker,  the model indicates which must be the minimum 

expected recovery rate for an investment cost to be profitable at that 

rate of return. 

Part 5 refers to the general conclusions,   and the last part of 

this study includes an Appendix of Tables on annual production, 

annual gross revenues,   annual net revenues,   and present values of 

the total net revenues for each production case. 



1.      THE TECHNICAL FEASIBILITY OF NUCLEAR GAS STIMULATION 

The peaceful use of nuclear explosives as a new kind of technology 

has been intensively studied since the 1950's. 

Briefly,  this new technology consists of underground nuclear 

explosions grouped in two general categories:    (a) complete contain- 

ment,  and (b) cratering.     In the first type,  the depth of emplacement 

of the explosive is such that the surface of the ground remains unchanged 

after the detonation and,   in most media,   creates an underground cavity 

or columnary-shaped chimney of broken and crushed rocks.     In the 

second type,   the explosions are set off at shallow depths and produce 

a parabolic-shaped crater in the surface above the shot point. 

The actual stage of development achieved by the nuclear technology 

makes possible its safe use in most projects.     There are many feasible 

potential applications.     The completely contained underground explosions 

may prove to be economically more advantageous than other conventional 

techniques in cases such as:   gas  stimulation in very tight formations, 

in-situ oil shale recovery,   copper mining in low-grade reservoirs, 

etc>     [10,   12,   18,   and 22] 

Single   charge  craters may be useful in building a harbor, 

a turning basin at the end of a natural inlet from the sea,   a storage 

basin or disposal pond,   etc.    Single detonations may also be utilized 

for aggregate production,   landslide,   earth-filled dams,   etc. 

By detonating rows of charges to form interconnecting craters, 

it is possible to execute larger and more complicated projects, 



e.   g. ,   construction of channels to serve as waterways for large 

vessels,  deep cuts through rocks for highways or railways,  large 

harbors,   et al. "-   '     ' •* 

In December 1967,  the first industrial application of the 

nuclear technology was carried out for gas stimulation in a low 

gas-bearing formation at El Paso,  New Mexico.      The experiment 

consisted of an underground nuclear explosion of 26 KT    in the 

Pictured Cliffs formation,  a gas reservoir of the San Juan basin. 

The feasibility study of this project,   called Gasbuggy,  was undertaken 

by El Paso Natural Gas Company,  the U.   S.   Atomic Energy Commission, 

the U.  S.   Bureau of Mines,  and the Lawrence Radiation Laboratory 

of Livermore.    The maximum yield device that could be used for 

stimulation of the Pictured Cliffs formation was 30 kiloton due to 

the possibility of an acquifer about 600 feet above shot level.     The 

general conclusions of the Gasbuggy reportL   J were: 

".   .   .   The beneficial effects of a nuclear explosion in a 

gas reservoir should be: 

(1) A network of fractures radiating out from the shot 

point that will permit more effective drainage of the reservoir; 

(2) An expanded wellbore that will allow higher sustained 

rates of production after initial drainage of the fractured zone ; 

and 

1.      KT is the abbreviation for kiloton,  which is the unit of measure 
of the yield of nuclear devices,  approximately equivalent to the 
amount of energy released by 1, 000 tons to Trinitrotoluene (TNT). 
MT is the abbreviation for megaton and is equivalent to 1, 000 
kilotons. 



(3) An effective storage volume for short-term high 

deliverability. " 

Several other proposals for nuclear gas  stimulation were sub- 

mitted to the U.  S.   Atomic Energy Commission by private companies. 

For example,   the so-called Dragon Trail Project from Continental 

Oil Company studied the feasibility of a 40 KT nuclear explosion at 

the Dragon Trail-Douglas Creek gas area in Rio Blanco County, 

Colorado.      Another relevant study was undertaken by Austral Oil 

Company and C. E. R.   Geonuclear Corporation,   for the Mesaverde 

formation of the Rulison Field in Garfield County,   Colorado.     According 
[4] 

to the latter report    J: 

".   .   .   The Rulison project is visualized as being commercial 

in nature because the reservoir formation will not produce 

economically using conventional techniques,   but has sufficient 

gas in place to produce adequate quantities over its normal life- 

time if properly stimulated.    A market for the gas also exists. " 

Since the Mesaverde formation in the Rulison Field is about 

2, 500 feet,   a vertical emplacement of two  50 KT devices,  at 7, 500 

feet and 8, 500 feet,  has been proposed.     These depths are considerably 

greater than those in either Projects Gasbuggy or Dragon Trail. 

In general,   the most propitious gas formations for nuclear explosive 

stimulation are those which cannot be produced economically by 

conventional techniques due to their tightness or low reserve figures. 



The economies associated with the extensive usage of gas nuclear 

stimulation could ultimately result in the development of vast areas 

in a far more efficient manner than has heretofore been considered 

possible.    These goals will benefit not only the gas industry,  but also 

the government and the household consumers. 



2.      ASSUMPTIONS UNDERLYING THE MODEL BUILDING 

The model building is based on the following set of technical 

assumptions:    amount of gas in place,   expected total recovery rate, 

and distribution law of the annual production rate. 

2(a)     The Amount of Gas in Place 

Six hypotheses based on empirical observations of the amount 

of gas in place are discussed: 
2 

(1) 10 BCF    per square mile section 

(2) 30 BCF 

(3) 50 BCF 

(4) 100 BCF 

(5) 150 BCF 

(6) 200 BCF 

Formations containing these quantities of gas per square mile 

section can be found in the major basins of two of the largest gas 

areas in the United States:   the Rocky Mountain States and the 

Appalachian Region.     For example,   there are about 10 BCF in the 

Mancos B formation in Bianca County (Piceance Basin); about 30 BCF 

in the Pictured Cliffs formation of the San Juan Basin; about 120 BCF 

in the Mesaverde formation of the Piceance Basin; and about 200 BCF 

in the Fort Union formation,   in the Pinedale Unit Area of the Green 

River Basin. 

BCF is the abbreviation for billion cubic feet. 



2(b)     Expected Total Recovery Rate 

For each hypothesis of gas in place,  we considered various 

possible rates of recovery,   ranging from a minimum of 25 percent of 

total recovery up to a maximum of 70 percent,   increasing at a constant 

rate of 5 percent.     These maximum and minimum recovery rates are 

close to predictions made for several nuclear gas stimulation projects. 

For example,   the conservative predicted recovery rate for Gasbuggy 

with a 10 KT device is 29 percent; the optimistic predicted recovery 

rate for the Mesaverde formation of the San Juan Basin,  with a 100 KT 
[9] 

device,   is 63 percent. Table I     below indicates all possible com- 

binations of amounts of gas in   place and total recovery rates. 

TABLE I.  EXPECTED TOTAL RECOVERY OF GAS 
(in BCF) 

Amount of 
Gas In Place 

(in BCF) 

Expected Total Recovery Rates 

. 25 . 30 . 35 .40 . 45 . 50 . 55 . 60 .65 
1   ■ 

.70 

10 2. 5 3. 0 3. 5 4. 0 4. 5 5. 0 5. 5 6.0 6.5 7. 0 
30 7. 5 9.0 10. 5 12. 0 13. 5 15. 0 16. 5 18. 0 19. 5 21. 0 

50 12. 5 15. 0 17. 5 20. 0 22. 5 25. 0 27. 5 30. 0 32. 5 35. 0 

100 25. 0 30. 0 35. 0 40. 0 45. 0 50. 0 55. 0 60. 0 65. 0 70. 0 

150 37. 5 45. 0 52. 5 60. 0 67. 5 75. 0 82. 5 90. 0 97. 5 105. 0 

200 50.0 60. 0 70. 0 80. 0 90. 0 100. 0 110.0 120. 0 130. 0 140. 0 
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2(c)     Distribution Law of the Annual Production Rates 

By observing the patterns of predicted gas flow rates for both 

Projects Gasbuggy and Rulison,  we have empirical support for the 

specification of a geometric model for the distribution of the producing 
3 

rates over a 20-year period. Further,  we work with two assumptions, 

namely:    (1) a production rate in the first year equal to 13 percent of 

the expected total recovery and a ratio q = 0. 88,  and (2) a production 

rate in the first year equal to 10 percent of the expected total recovery 

and a ratio q = 0. 92.     That is: 

(1) A.+ 1 = A1 q\   i = 1,   . . . ,   n -   1 

where:        A. , ,  = Production at year i +   1 ; 

n 
A,       =   a     £    A.     Production at year 1 

1 i=l      * 

(a - 0. 13 in Assumption 1,   and 
n 

a = 0. 10 in Assumption 2.        S    A.    is 
i=l     X 

given by the entries in Table I     on page 9- ); 

q =   ratio of the geometric progression; and, 

n =   period of time , 

The expected annual production figures for a 20-year period are shown 

for Assumption 1 in Tables  1 to 6; and for Assumption 2 in Tables 21 

to 26. 

3.      The estimated average life of a nuclear well would probably be 
greater than 20 years.    But for our cost-benefit analysis,   a greater 
period of time loses economic significance. 
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3.      COST-BENEFIT ANALYSIS 

To perform a cost-benefit analysis for each of the  120 possible 

production cases,   the first task was to determine the expected future 

gross  revenues,   i.   e. : 

(2) Y.    =   pA. 

where: Y.    =   Expected future gross revenue for year i; 

A.    =    Total production at year i; and 

p      =    Price of gas at the wellhead. 

The actual price of gas at the wellhead is regulated by the Federal 

Power Commission for all the areas of the United States.     For the 

purposes of our study,   we have chosen the price of $0. 15 per thousand 

cubic feet of gas at the wellhead that corresponds to the Rocky Mountain 

Region.     We based this decision on the following reasons:    (a) the area 

has the greatest potential reserve  of gas propitious for nuclear 

stimulation; and (b) this price lies in the lower range,   thus making 

our calculations conservative. 

The expected future gross revenues are indicated for Assumption 1 

in Tables 7 to 12; and for Assumption 2 in Tables 27 to 32. 

The expected future net revenues were calculated as the difference 

between gross revenues and the operational costs only.      While private 

profit-making decisions should allow for income and other production 

taxes,   this is not relevant in the public sector.    Since this analysis is 

made from a national point of view,   we are mainly concerned with a 
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measurement of cost which corresponds to the use of real resources 

but excludes transfer payments.     We will see,  however,   in the next 

section that these considerations do not significantly affect the use of 

the model as a guide for the decision-making of the private sector. 

For our calculations, operational   costs were fixed at $7, 200 per 

year,   a figure which may be much lower for nuclear wells. 

The expected future net revenues are shown for Assumption 1 

in Tables  13 to 18; and for Assumption 2 in Tables 33 to 38. 

The profitability of an investment for each production case is 

measured by the present value of the future net revenues at various 

discounting interest rates.     The rates chosen were:    6%,   8%,   10%,   12%, 

14%,   16%,   18%,   20%,   22%,   and 24% 

In our model,  both criteria--the marginal efficiency of investment 

and the net discounted present value--are in agreement because the 

present value curve for each case has a negative slope;   i.   e. ,   a rise 

in the discounting interest rate will always reduce the present value 

4 
of an investment.     Therefore,   either criteria can be used. 

The marginal efficiency of an investment is defined as that rate 
of interest or return which would render the discounted present 
value of its expected future yields exactly equal to the investment 
cost.     This criterion tells management to undertake an investment 
as long as its marginal efficiency exceeds the rate of interest. 

On the other hand,   the discount present value criterion approves 
any investment whose net discounted present value   (i.   e. ,  the 
present value minus investment cost) is positive.    When the net 
present value curve has a negative slope,  both criteria are in 
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The present values of the expected future net revenues of each 

possible production case are: 

n (Y.  - O   .) 
(3)        V =    S        — ^- 

i=l (1  +  r)1 

Therefore: 

1 n-1 
2 

n 
2 

O   . 
ci 

(1 +  r)     i=l   (1 +  r)1 i = l    (1 +  r)1 

-     f(l +   r)n - q11] 
(4)       V =    Y,     * :LJ— 

(1  +   r)n(l +   r - q) 
O [(1 +   r)n -  l] 

r(l +  r) 

where:        V = Present value of the total net revenues; 

Y. = Expected future gross revenue  for the first year; 

r = Discounting interest rate; 

n = Period of time; 

q = Ratio of the geometric progression; and, 

O   .      =   Operational costs at year i. 
ci r 

The final results are given for Assumption 1 in Tables  19 and 20,  and 

for Assumption 2 in Tables 39 and 40. 

4 (continued from preceding page): 
agreement.    For example (see Figure I),   suppose that the net 
discounted present value of an investment project is positive, 
indicated by point A at a current interest rate C.     Then the 
point B,   at which VV    crosses the horizontal axis must clearly 
lie to the right of C;   i.   e. ,  the marginal efficiency must also 
exceed the current interest rate. 

Net 
Discounted 

Present Value 

C 

Figure I 

Discounting 
Interest Rate 
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4.       WORKABILITY OF THE MODEL 

The variables of our cost-benefit analysis are: 

(a) Amount of gas in place; 

(b) Internal rate of return; 

(c) Investment cost;   and 

(d) Total recovery rate. 

For the purpose of our analysis,   the amount of gas in place and 

the internal rate of return are considered as exogenous variables,   i.   e. , 

those left unexplained by the model.      To treat the internal rate of 

return as an exogenous variable implies that the decision-makers 

decide,   in advance,   which discounting interest rate (greater than the 

current interest rate) would be required to render an investment 

profitable.       This practice is usual in projects involving risks and/or 

uncertainties. 

The total recovery rate and the investment cost are the endogenous 

variables,   i.   e. ,   those explained by the model. 

Investment costs involved in nuclear stimulation may be grouped 

as follows: 

(a) Cost of the devices; 

(b) Emplacement hole cost; 

(c) Post-shot reentry well cost;    and 

(d) Safety cost. 



15 

According to the latest information made by the Atomic Energy 

Commission,  the projected charges for nuclear explosives will range 

from $3 50, 000 for a 10 KT device to $600, 000 for yields of 2 MT. 

These charges include arming and firing,   but not safety studies,   site 

preparation,  transportation,   emplacement,   or support. *■   * 

Emplacement costs are mainly a function of the depth,   diameter 

of the hole,  and hardness of the soil. 

The costs of drilling and completion of a post-shot reentry well 

should be no greater than twice a conventionally completed well. *•   ^ 

Safety costs must cover safety studies which have to be made 

prior to any particular project to evaluate potential effects,   expected 

economic damage,  and decontamination facilities. 

The investment cost and the expected total recovery rate are 

highly correlated.    In effect,  the larger the yield of the devices,  the 

larger the expected total recovery rate.     The cost of the devices,   one 

of the components of the investment cost,   is a logarithmic function 

of the yield of the explosive.    On the other hand,  the radius of the 

chimney (one of the factors that influence on the recovery rate) created 

after an explosion,  also seems to behave as a logarithmic function of the 

yield of the explosive.    However,  the exact relation between both variables 

is more complex.    In effect,  as we increase the yield of the devices,  the 

investment cost increases not only by the amount of the device cost but 

also by the amount of safety costs which now become larger.     Therefore, 

we conclude that an increase in investment cost,   resultant from larger 

device yields,   does increase the total recovery rate proportionally less 

than the investment cost increment. 
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This cost-benefit analysis provides the following useful 

information: 

4(a)     An Upper Limit of Initial Investment Cost 

The model allows the determination of an economically feasible 

upper limit of initial investment cost for each production case,   given 

the amount of gas in place,  the rate of return fixed by the decision- 

makers,  and the expected total recovery rate.     This kind of information 

is very useful for nuclear projects,  whose investment costs are often 

difficult to estimate due to the presence of safety costs as one of 

their components. 

We can illustrate this point with some numerical examples: 

Example 1: 

Suppose that the amount of gas in place is  50 BCF per square 

mile section; the rate of return is  10%; and the total expected recovery 

rate is  50%.     Then,   using Table 19 we find that the amount of investment 

costs must not exceed $1,778,000 tobe profitable at a discounting 

interest rate of 10%. 

When dealing with the decision-making  of private firms,   our 

estimate of $1, 778, 000 must include not only investment costs but 
5 

also the present value of royalties    and production taxes.     This 

situation results from our previous definition of net revenues as 

gross revenues minus operational costs only.     Royalties and 

production taxes were regarded as side payments funded out of 

profits. 

5.      Royalties to the Federal Government are  12. 5% of the gross 
revenues, and production taxes are $3. 00 per million cubic feet 
of gas produced. 
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Example 2: 

Given an amount of gas in place of 100 BCF and a total recovery- 

rate of 60%,  Figure 1 shows the upper limits of the investment cost 

for various rates of return.    The corresponding values are obtained 

from Tables 19 and 20. 

Shaded Area,   Space of the investment profita- 

toffij    en a t0tal recovery of öOBcfoOf gas, per square mile 
section. 

8      10 12       14      16       18      20      22      24 

RATE OF RETURN 
 (in tt> 

FiEure X-      Upper Limits of Investment Costs for Various Rates of Return 



Example 3: 

Given an internal rate of return of 8% and a total recovery rate 

of 50%,   Figure 2 indicates the upper limits of investment costs for 

various amounts of gas in place.     The corresponding values were 

obtained from Table 39,  Assumption 2. 

w 
O 

H .H 

H ö 

8 

7-- 

6 -. 

5.. 

**.. 

3-- 

2_. 

1-- 

Shaded Area»Space of the investment profitability 
'        ~ given a rate of return of 8%  and 

a total recovery rate of 50#o 

200 

AMOUNT OF GAS IN PLACE 
 (in BCF)  

Figure 2.      Upper Limits of Investment Costs for Various Amounts 
of Gas in Place. 
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Finally,   it is clear that the upper limits of investment costs are 

actually equal to the present values of the future net revenues.    There- 

fore,   in our case,  the discounting interest rate is the marginal 

efficiency of investment  or the internal rate of return. 

4(b)     An Economically Feasible Lower Limit of the Expected Total 
Recovery Rate  

Another important conclusion obtained from the model is the 

determination of a lower limit of the total recovery rate that would 

render an investment profitable,   given the amount of gas in place, 

the rate of return,  and the investment cost.    This point can be 

illustrated by the following examples: 

Example 1: 

Suppose that the decision-makers want to invest $2, 000, 000 

and they are faced with various possible projects.    Moreover,   they 

have fixed 8% as a desirable rate of return.      If the reservoir has an 

amount of 50 BCF of gas in place per section,   Table 19 tells us that 

the expected total recovery rate must be at least equal to 50% for the 

investment to be profitable at that rate of return. 

Example 2: 

Given an investment cost of $2, 000, 000    and a rate of return 

A similar amount is estimated for the Rulison Project,  broken 
down as follows: 

Cost of the explosives (two devices of 50 KT each) = $8 50, 000 
Emplacement cost (at a depth of 7, 500 feet) = $600, 000 
Reentry well cost = $280, 000 
Miscellaneous = $200,000 
Total Investment Cost = $1, 930, 000 

For this project,  the expected recovery rate is estimated about 
59% for an amount of gas in place of 50 BCF    in a 50-year period, 
and about 36% in a 20-year period.!.'* J 
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of 10%,   Figure 3 shows the economically feasible lower limits of 

total recovery rates for various amounts of gas in place.    The 

corresponding data were obtained from Table 19. 
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Figure 3.      Lower Limits of Total Recovery Rates Economically Profitable 
for Various Amounts of Gas in Place,   Given an Investment of 
$2, 000, 000 and a Rate of Return of 10 Percent 
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Example 3: 

Given an investment cost of $2, 000, 000 and an amount of gas in 

place of 50 BCF,   Figure 4 indicates the economically feasible lower 

limits of total recovery rate for various rates of return.    The 

corresponding data were obtained from Tables 19 and 20. 
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Figure 4.     Economically Feasible Lower Limits of Total Recovery Rate 
for Various Rates   of Return,   Given an Investment of $2, 000, 000 
and an Amount of Gas in Place of 50 BCF. 
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5.       CONCLUSIONS 

[211 
According to Prest and Turvey1     J,   cost-benefit analysis "is a 

practical way of assessing the desirability of projects,  where it is 

important to take a long view (in the sense of looking at repercussions 

in the further,   as well as the nearer,   future) and a wide view (in the 

sense of allowing for side effects of many kinds on many persons, 

industries,   regions,   etc. ); i.   e. ,  it implies the enumeration and 

evaluation of all the relevant costs and benefits. " 

In our study,   we are mainly concerned with the long view and 

do not take into account any side effects because they are very 

difficult to measure for nuclear projects.      Moreover,   we are not 

facing choices among several alternatives but deciding whether a 

particular project should be undertaken.    At the same time,  we 

perform a kind of sensitivity analysis,   where the calculations are 

repeated many times for different values of the main variables.     This 

is an extremely important tool when estimates of costs and/or benefits 

are uncertain. 

Therefore,   our study is a nonorthodox    approach to cost- 

benefit analysis for a nonorthodox economic activity,   namely,   nuclear 

explosive stimulation of natural gas  reservoirs.     The change from 

By orthodox cost-benefit analysis,  we shall mean that type of 
analysis in which the aim is to maximize the present value of 
all benefits less that of all costs,   subject to specified constraints. 
Where no projects are interdependent,  the choice is made selecting 
all projects whose internal rate of return exceeds the current 
interest rate. 
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the standard procedure is mainly due to the difficulty of accurately 

estimating investment costs for nuclear projects,   given that safety 

aspects involved in any nuclear detonation may not be adequately 

foreseen.    However,  this situation does not significantly affect the 

calculations of the amount of gas in place, the total recovery rate, 

the stream of annual productions,  and their corresponding annual 

revenues,  for any gas reservoir.    Consequently, we can determine 

the present value of the future net revenues without knowing the exact 

amount of investment costs.    It is also a common practice in projects 

involving risk and/or uncertainty for the decision-makers to decide, 

in advance,  what rate of  return would be required to render an 

investment profitable.    With these two variables (rate of return and 

stream of annual net revenues),  we are able to determine a third one, 

namely,  an upper limit for the profitable investment cost.    In other 

words,  according to the way in which our model is built,  the decision- 

makers are able to calculate straightforwardly what the economically 

feasible upper limit on the investment cost is for a given amount of 

gas in place,  total recovery rate,  and a desirable rate of return. 

The other major finding of this study is concerned with a technical 

aspect of the project,   i.   e. ,  the determination of an economically 

feasible lower limit on the total recovery rate.    In this case,  we are 

assuming that the decision-makers want to invest a given amount of 

money and that they face various alternative  projects,  having 
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decided,   in advance,  what rate of return would be desirable.    Moreover, 

they would know the amount of gas in the reservoir where a nuclear 

explosive stimulation could be carried on but ignore the expected 

total recovery rate.    Again,   given these three variables--rate of return, 

gas in place,   and the investment cost--the model allows the decision- 

makers to estimate what is the least    expected total   recovery rate,   for 

the investment to be profitable at that rate of return. 

The production cases studied cover a wide range of possibilities 

that result from the combinations of six hypotheses of amount of gas 

in place,   based on empirical observations,   and ten hypotheses of 

expected total recovery rates,  based on predictions made for several 

nuclear gas stimulation projects.    For each of the 60 combinations, 

we predicted the stream of annual productions,   for a 20-year period, 

by observing the patterns of the expected gas flow rates for both 

Projects Gasbuggy and Rulison.     Two assumptions about the distribution 

of the annual production rates are made and,   consequently,   a total of 

120 production cases are investigated. 

Finally,  we can conclude that this kind of study may prove to be 

very useful as a guide for decision-making in the public as well as 

the private sector for nuclear explosive stimulation of natural gas 

reservoirs.    Moreover,   the approach is easily extended to all  nuclear 

projects where the stream of annual output follows a geometric law of 

behavior.    This behavior is typical in the extractive industries, 

particularly in mining. 
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APPENDIX 
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ASSUMPTION 1* INCLUDES TABLES FROM 1 TO 20. 

Calculations of the annual production rates are based on a 
geometric law of behavior with a first year production equal 
to 13 percent of the total recovery and a ratio q = 0. 88. 
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TABLES 1 TO 6 

EXPECTED FUTURE ANNUAL PRODUCTION 

These tables indicate the expected future annual 
production    in a 20-year period for each entry of Table I, 
page  9.        Each entry of Table I is the total amount of gas 
recovered for each combination of gas in place and expected 
recovery rate. 
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TABLES 7 TO 12 

EXPECTED ANNUAL FUTURE GROSS REVENUE 

Each entry of these tables,   i. e. ,   gross 
revenue per year,   is equal to the price times the corre- 
sponding expected annual production as given in Tables 
1 to 6.     The price chosen is $0. 15 per thousand cubic 
feet of gas produced. 
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TABLES 13 TO 18 

EXPECTED ANNUAL FUTURE NET REVENUE 

These tables indicate the expected annual future 
net revenues,   in a 20-year period,   defined as the 
difference between gross revenues and operational 
costs.     Operational costs are fixed at $7, 200 per year. 
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TABLES 19 AND 20 

PRESENT VALUE OF EXPECTED FUTURE NET REVENUE 

These tables indicate the discounted present value 
of the total future net revenues,   obtained from Tables 1 3 to 
18 for the following rates: 6%,   8%,   10%,   12%,   14%,   16%, 
18%,   20%,   22% and 24%. 



in 
UJ 

z 
LU > 
LU 
CC 

h- 
UJ 
z 

ZJ 

Q 
UJ 

<3*a. i/) 
-tx a: 

LU < 
-i 

LULL  -I 
JO o 
so    a 
<C/1 
I-UIZ 

3 rH 
_l — < > 

LU 
a« 

*-H 

z 
a 

3 

51 
.   . •   i *'   • '   »    1- r  -*-   •    • •  •  •   «  »   • •    •    •    •    «    • «    •    •    •    •    • 

C- -4 r-4   CO n co •O   rH   O   0>   rH   ^> CM -O O O O Ci r- ^ -4 ~o CO O ON   rH   rH   O   O   O 
r-(   sO rH r- ■4  -H o so CM co in ^o CJN CO CO >4 O  -G -4 rH r- CM r- ro in'co CM CM CM f\J 

o O t- in co CM O rH  in   CJv   CO  1^  rH in in J- ro CM ", O   <4   CC   m   rH   CO 
r~ ■-t (\j >4 CO CO CM o o-> co r-- in >t 4* CO CJN N N »4 in -4- co CM in ^ 0 co ~« m rjN 

~t m JD a CM in r in H ^ H -o in co CM m CJN CM 1   NiniMON co in 0 m 0 m 
* 00 CM r- CO co co in co a\ -H CM rH   CM   vj-   CM   C    CJN OOJJMN -i f~ 0 0 -4- t» 

PH CO O O co 
—1   r-l 

rH CM m O CM 
rH 

rH CM m CO  o 
f—1 

<H CM >4 r-* ON 1          H^JICO 

CO  sO CO CO CO CM 0> 0^ O ^ CM CO -4" CM o O O O •4  ^- CM  CM -H  ^H CM CM- O CM P~ ro 
o o —4 CO m (M rH   CM   •*    -O    0>   —1 ON s^- rjN so co o HH4>OCOO CO rH   0 CJN r—  ^ ,c in in ~4    -0 0> CM CM -o o in o v0 O O o< ro r- -H co -H 0 co >o in CM ON H in 0 n 

NO O —i eg & -o -t in  sd"   <f   f^-   rH  -4- -4- h- ON rM <t r- O LO rH 0 0 0 co.in 0 in rH ^o 
a- o r-1   CO ^ ■*• in CM CJ^ rH ^4* »o HOnincOH 4 HN >o in 4 rH   in   CO   rH   O   CO ° ro r- O CM in co CM -*■ in in •* co HH rj co ^ H 1    CJN 00  CM N0  O CM *o in r- CJN --j 

i—i CO *0 O CM 
f-i 

rH CM  in CO -H rH   CM   -4"   1^    O 
-H 

rH Nt -0 cn 1        -H co in co 

CO r- ■a co O -1 CM CO CO  CO CM rH •o co o o a o 0 in 0 r- in CM in -t CM co in 0 
r- N4 r-4  CO s0 CO ■4- a* in o co r- 0>-4000>0 -4 CO   rH   rH   CJN   CO   r- 0 -Ct ON ^o co 0 

o t-i CM CO J- O CO CM o -H r-- *4- o m m tn ro CM rH LO   CO   CM   rH   -J   rH CJN   O   CJN   CO   r-   rH 
o o o in o in 00>0'K-0^ rci in r- r- h- r- r~ -4* r~ ro 0 in -1  in  rH  CJN  0   4- 
4- in NO CO —1 CO H CO >0   <}>00 r-- * _i <»■ r- O r» 0 co cjN 0 0 in in .0 r^ & —1 
co m r- r- CO CO CM CM CO   O Is- -41 o o -4 CO co 1    CO O CO O CO CM in co ro ro ~4 

rH CM LO CO ~H rH CM in c~ o 
rH 

rH  CM  -4"  sC   ON rH ro 0 co 1       rH ro in r- 

0- CO CO CM r-  rH -4- >o r- & CM in CO »4 O O O O O so co ro co ro eo in 00 in CM CJN 
Ln co -H en ~o •*• »O -O-O HNCJ ON in t-i o ON oo ■4- -* r- ro ro *4- IM r» r- ro CJN ^ 
r- o> CM CM CO -4" CM r- CM o r~ in O O O -4 f-.-1 co J\ co in 0 00 m rH co -H co 0 
ON CO CO   r-l ■* r- m ^- ^4■ co —i in co -4 in CM ON r- ^ ^- ro in r~ 0» in >4 co ro CM -H • CO o o CO in CM ^0 in *4 r-i o ^o C0 CM -H ^4" *0  O H CN 0 M-4 O co in ON >4 ON ^> 
CM CO in CM o co HHHoom 0> CO O CM .4- H junmmin iM <4 HO co r- 

rH CM in CO O r-i CM .4- r- 0> rH <4 -O  CO 1        rH ro in t— |        -H co -4- *0 

1/5 
LU o> o O r- >*• o r- -4- O -O CM co OOOOOO m «oin co H 't r-t O   *4 *0 CJN CM 
r- co ro CM o (^ in CO CO CO   * rH f- O -0 CM CM CM   CM H  H4  "O  C/>  H «10004 c» 
<   9 ro r- rH   O o o CM CO CO CM rH 0> -4 in in ~t co CM -H CM in 00 rH in -H ro r- ON 0 -H 
a:   "^ o r- *0 f- CO c> OOCMOMfl r- CM CM IN- CM r— rH   ,$■  CJN  r~-   vO   •*" ON co in ^0 00 ON     \ 

co -t m c~ O   rH ?>}   ^   r*   J)   -4   *0 |     O    -H   CO    ^0    CO in co <-H in ON ro rH in CM 0 CO .43      I V    ° CM CM CM r— CM CO H OC^  H >t»0 CO yQ  ^0 'O   N0 —1 in ro rH o> 00 ro ro 0 ^ CO 0      S 

UJ 
f-A CM -*• r- a> HH^^CO rH co in r»- 1       -H ro * ~o 1            rH CM  «4  NO         j 

a 
o o *■ ■-0 CM rH   O O CM.r0   CO CM CM co <o 0 0 0 0 a» r- co »4 -4 in 4 00 ON co <o in 
LU CM f- CM O CO -0 rH O 0> r~ m ro ON *o co »4- in so f^   rH  rH   O   ON   CO r- ro * r- O ro 
a;    "^ o> >4 O 0> C~ ■£ co o -j- ^- ^ s$- co 0 0 ~4 CO CM co cjN r- CM *o rH r- -4- ~o 0 f~ i- 

CO o ■4- CM -H  O m -4- -4- 00 CM -o r- —1 a fNl -4 r- h- ro in 0 ^ ON CM CM r- O CO ■£> 

s! o CO o> O r- *  rH N- CO T-  -H >4- *Q -4 co H m in N co r*- co cjN 4- ON in in in K co cjN 
<-< o O CM in co co >o i>- r~ c~ I    -0 -4- CM O CO H4HN40 co CM co co co ro 

r-t CM •*■ •o CO -H co m r- r-i co m so 1          rH CM -4- O 1           CM ro in 

O co in -o CO o co o r* o co in ^ CM 0 0 0 a ^   CO H  CjN |s.  If!' 0 ON in ON co 00 
O   r-t CM O CO v0 co r- o o cr* co ON r* ^4 *o co 0 -4 rH co co cjN in CJN >o ro <4- O r* 

■* 
in CM O f- ^- CM co o *0 r- c- co co in m ^4 co ro •0 •ooo inHco co in in *4' CO rM 
co in rH CO m CM O C o> co f~ -o co cjN r- f- r- r- -4- ro rH rM ro ro •0 •-•  CJN -4- ON ,cf 

o CO -4 in -o CO o f*l 4" >0 -0 -0 O co in 0 CM -4 0 CM 0 in CM ON <o co in co co r— CM 
-H ON r» r- r- co N-tNOO 1   I1MMC0 4O CM ro ON -f co ro CO -* O O CO 1- 

r-l   CO in r^ rH co m o rH CM -4  -O 1            CM co in 1               CM CO >4 

r-l * CO H m co m co o -o co o -4- co a 0 o'o CM CO ON >* 0 0 CJN  rH   rH rH  O  O 
in 
CO 

co m CM  r-l o> r- -t co CM CM ro co rjN r* m co -H >4- H H 4 N  O CNI rH O CM CM CM CM 
o CJN co m r^   CO -0  O C-  o  rH CO co 0 0 -4 0> co ■4 «1 OcoNin 3 N 4 N O CO 
CO CO o> «t 0> CO -4- in -4- CO c0 1— co co in CM ON r- ^* ro co ^4- rH co OOHOinn 

o CO ON o o CM a> -H   rH   >4*   rH   CJ\   ^0 CM CO O CM CO m >o in -0 m ^4■ CM CM in CM 0 r- in 
r— * CM -O r- 1   O CM CO i-O ON -H ^4'   O N4 CO  CM CM CM r» O CO -Q ■&     in Jjcoo 

-1 CO m j3 rH rM -4- in 1       —I CM *> m 1               CM CO <4 1            rH CM .4- 

r-t m o o CM CO CM -C  •? CO CO CO CM >4 OOOO CJN   CJN   *fl   O   *4"   P^ CM CO ^ CM CO CO 
•a o> CO   rl O CO CM O co in r* cjN o> co -o 0 >4" co P-   t-t   rH   rH   O   CJN ^4 «0 ocnr* 0 
>o «o r~ co o -*• ^O H CO H ^4 N ro in in in ^- ro —> O CM CM CM rH 
r- CM r~ O CM in CJN   O   CJN   CJN   CO  P— CJN v0 CM r- CM r»- co ro *4 r* 0 ro ro O ro -H 0 o> 

o co -4- * -0 r- co ITltOH  sOHsO v0 rM 0 ^* co >4* 
—t ro co 0 CM -4 

ON .*■ 00 CO CJN ON in in in ^ f— p— 
>0 CM r- CM r- I   •* O CO c- O CM rH in vO r~ co <4   1   ro ro ro ro 

-1 CM -4- in rH   CM  CO  ITA 1              CM ro ^> 1                  rH CM CO 1                      rH   CM   CO 

CO r- CM O o r- O ^4* h- O co o OOOOOO in ON ~4- in r- co in ~o CM -4- in ^o 
m ro CO CM o & ON   P~   -t   CO   rH   -4- ON ON r~ CM r^- CM ^   rH   CO   -*   O   -O NO ro 0s ^0 co«0 
r~ -t •a -H ■o o in rH ON co ro CM cooo me« + en fw m ION OT CM O rH r- CO 0- 
IM -H m o v0 N- -4 in -a- a> co co 0 m 0 CM >4 h- ■4" CM O CJN CO h- r- rH in in *o 0 

in -i CJN o in rH   f- O  *4"  0>   rH  >4*  ^0 O ON 0 —1 CM CO ro ro 0 -H co in co in co CM -0 0 
(M 1  -4- ON CM in r~ rH ro r-  ON O rH CM   rH   *0   -0   -O   NO co      ^4 ro CM rH -4- -J rH 0 co r>- 

O 
CM co •* 1                  rH CO * 1                    rH CM   CO |                    rH  CM  CO II              rH  rH   CM 

z     u. 
' 

HUJO 
O 03 o o o o o o o o a o o o' OOOO 00 0 00 000 OOOOOO 

LO < r-l ro m o in o rH co in o m o rH ro in 0 in 0 -H ro in 0 in 0 rH co in 0 m 0 
<JZ r-l rH   CM HH CM rH   -H    CM rH   rH   CM tM   rM   CM 
On.« 

hZ 
O « 

-o ~o •O -0 ■a vo CO CO CO CO CO CO OOOO 00 CM CMCM CM CM CM -4 >4 v4 ^ -4- -»• 
o o o o o o o o o o a o 

oo o o o o 'o o o o'o a O O OO O'O OOOOOO 0,0 OOOO 

00 

0' 

II 

o- 

o 



52 

o 

o 
NO 

o   ( 

in 
in 

Od.   l/) 

LU < 

00       Q 
<t l/> 

< > 

LU 
I/) 

0C 
a. 

*H 

z a 

3 
lO 

to 
LU 
I- < 

> 
tu 
>_ 
o 
o 

o 
I—._ 

o 
"t 

Z LL 
MIUO 

O CD < 
<JZ 
U> a. — 

WD 

<;w 

*o o sO -0 in in 
p- st in st en CM 
<P o in co H st 
P- ON in H co >t 
01 ^t f^i c ^c n 
en -t en in JO co 

p- CM o CM ~t m 
in p- -.j CM -t -o 
o -t sO CP- rsj n 
■t MT •(• a if 
in -t -t in sc -o 
sO —* cr- CT* rj* en 

o c  co o H en 
o* O H &• -o on 
0^ .0 *0 on H o 
O -t H p~ en CO 
P-- CM t\j co in H 
0"> CM in rn CM —i 
II rvj ~t vO 

O ^0 7>  O M ^ 
-o m x O —i CM 
f- CM (M H a r- 
st c- e -t P- H 

m so      r~ in CM 
HI        H en in 

I 

m *o 0s <t P- H 
o o *t a* en co 
co + ^ o ^ ^ 
in ^> st co <M in 
co (M in o P- en 
-J ^1    | H CM st 

I J  

CM ON CM P~ en co 
st H co en O st 
co sO O ev en in 
M M> C C -J 
>t   fl   H   r^   M  fS| 

l       H en m p- 

■st 0s on co (\j <o 
O r\j «O >f ^i H 

m in rft >t in o 
en H -o co o CM 
co ^o o >o 'n c 
so      ao so >n en 

I IM st -o 

en CM ON H en in 
in in st in in in 
*o JO m co en co 
N ^ to j m if . 
c> o co M in co 
ej* en on H co in 
II CM on in 

MOO-^COrt 
p- p~ vO co rn o 
sO cr- ro o> CM st 
O^ H g- ^ ^ (ft 
co * cr> CM st -o 
m p- t in -4 p- 
—i I H en st 

I 

in N co N in O1 

HOP- •£ n in 
o H <n H P- CNJ 
CM ,t JO co CM (Nj 
co p- J*> in h- e> 
co OM J3 co. en oo 
.—f   —I     I C\J   CO 

I       I      

OCOO^OlP 
p~ in co o CM st 
n^ocNin 
ON m sO CM O JO 
in ao CM co on o 
NT CNJ o CD r^ in 
| i-l CNJ  yt  O 

CNJ m -o co o r- 
m •-* CNJ r^ CNJ *o 
0> <• -4 E> CO o 
^ ^ rn r-* o c> 
F-l M vO     X O --4 
f- I -O <r\ -< 00 

I CNJ st in 

N- -1- C CNJ in co 
OHCOH + S 
pcijj cm inN 
>t <f in >t co CNJ 
CNJ co in in m in 
o m CNJ co vt o 
H i       F4 rn in 

I 

cfi m N co j- o 
co o CNJ JJ -o in 
in r- co co in CNJ 
^ o co in o m 
^-t —4 -^ c*- r*- o 
vf co CNJ nj i^- CNJ 
^1     | *-* CNJ <f 

CCl   O1 sO   rJ O1   vO 
o CNJ >o c^ st o 
mmcMpioK 
in vj- en ON CNJ st 
O ~t CO rf CNJ CNJ 
cr rn r^ so o vf 
HH | CNJ ro 

I    I 

r- r^ --" o -< in 
^ —i in ro CNJ 3 
m in m -t m JO 
oo-cccims 
o ON r~ r^ p- r- 
»t —i co in CM o 

I CNJ st in 

ON in ON c> CE co 
ON in co ON o —' 
m co co st .-< r- 
o o & m ^ o 
-t ^4 —* ON r- st 
IN- ^H in o sO CNJ 
II CNJ on in 

rfinonNO 
sOh-rismo 
OincON.NN 
O st <-> t~ cn ON 
in so CNJ co in ^ 
o*-<inOin 
^H i *4 m >sf 

I 

in o in CNJ o P~ 
O" vt co in ON CNJ 
-i- >4- en fN- co o 
OHinOON 
mo* sj- NO so 
st co ro o en r- 
-<    I | HlMUl 

o CNJ in in st st 
r- so m -^ oo in 
r- st ~4 o rn »-^ 
co st o in -H r- 
CNJ _i o oo r- in 
ON st ON rn so ON 
HH    | t-H (NJ 

I      I 

st oo-c-Oin 
sO N F4  sO r-l O 
CNJ sO sO   ON CO sQ 
H ps. sO  CO H CO 
CNJ ON H s0 H in 
in t- CNJ co en 

I evj en in 

r*- oo —t st (^ o 
st c* m CNJ ON *0 
CNJ CNJ s0 o en r^ 
o so so o H en 
o ON r~- o -t r- 
r*- H en co CNJ sO 
II Hflsf 

st r^ ON in ON en 
H en in en CNJ CNJ 
sO  in st   (NJ   QN   sO 
h- st —* ,-* en sO 
r^ st H CNJ in co 
O in (  en s0 ON 
H| H CNJ en 

I 

r>- in en r^ so so 
o f*- st en H ON 
vt H ON sO CNJ p- 
st so r^ p- en co 
vO-O sO N i\J sO 
-t CJ> -t f^ o INI 
H  i    i CM en 

I 

co in en o> o H 
-t ON -4- en fNJ o 
Hinomso 
CNJ ^ r~ H o ON 
in co H in CNJ co 
ON st o H en -!■ 
H   t-t H ^H (NJ 

I       I I 

H m  H sO H sO 
H en oo o H CNJ 
CNJ co co ~t H r- 
CNJ st H st r- ON 
in so m ~t en 
in in ON en r- 

I H en st 

•si- o st o in o 
O -t —• vt CO CNl 
co CNJ st in so co 
r*- CNJ rn CNJ H o 
ON oo en CNJ H o 
r»- CNJ CNJ in co H 
|| H CNJ -t 

oo e> a so o in 
N0 CJ- CNJ ON CNJ ,t 
CNJ st r*- so H in 
sä- -t «J- <T Nt en 
O CNJ st in in in 
—> NO H 0 CNJ st 
HI i H CNJ m 

I 

CO  O   H H CNJ st 
H H  O CNJ st sO 
en ON in m in in 
o o CNJ co o o 
co -t o CNJ ^ r- 
-t o in in so r- 
H  H    | H CNJ 

I  I 

in co H co *o ON 
CNJ CNJ m ,-n in -t 
uiM»rj>oo 
in -t en H o CNJ 
r- in en co r» CNJ 
ON in H i ON o 
-4   rM r-l CNJ 

I       I       I   

CO sO ^0 -O sO sO 
in o Nt CNJ o co 
H o H o ON r- 
en co r- in CNJ o 
co co o -t co CNJ 
in I vf -o co H 

I H CNJ -t 

fNj <NJ r*- in en -^ 
>t co f*- r- r- r* 
in H H o ON co 
sO co o o H r^ 
CM sO ON en co CM 
co en (NJ Ni in 
II H CNJ -n 

CNJ o CO p- eNJ r- 
CNJ j3 ON m H sO 
& st ON H en st 
O •*■ I- 00 Nt   o 
en o r- co in CNJ 
H p- CNJ fs» CO  ON 

H    | | H CNJ 
I 

o -t o in co CNJ 
en st in o o en 
CNJ JO o -t oo <n 
-t in r- o* in CNJ 
H H H r*- ps- e*- 
m H r— CNJ AJ IM 

H  H | H CNJ 

I      I 

en H o st -^ so 
O s0   H H ON   ON 
ON co co p- cn Nt 
co ~t o in ON st 
o CNI in H H m 
ON -O (NJ -n -o in 
H H  H | H 

I I   l 

in p* H so H sO 
o >t H in s3 -t 
HcOstlflM! 
•t o <NJ m co H 
H co in m H o 
so H CNJ m -t m 
II        H (M rn 

ON in O O H CNJ 
00 (M-0 O ON 
H H  s3 sO Al ON 
in st en ON rsj st 
in in in >t m in 
CO st   | ON ON ON 

II H N 

sO  CNJ P- CO   Nt  O 
P- CNJ sO H   O  ON 
xi ,t CNJ sO in en 
P-    st H H    st    P- 
m co H IM m co 
H p- ~t in -t en 
H    | I H  Nl 
I 

H ON p- ON in o 
st P* H co o> o 
H en sO '"Nj H H 
OOHONst 
en ON st on o P* 
in H co     ON p- 
H H    | H 
I      I 

H  J. p- O C- >t 
CO   ON O O CNJ st 
CNJ   ON P- ^ P- ON 
CNJ   ^ P~ ON CO -0 
CNJ  0> O -t -O CO 
o -o en in CNJ o 
CNJ   H H | H 

I       I I 

cr 
o 

re) 

> 
co 

0 
1) 
M 

00 
C 

CNJ CO sO sO sO sO 
in oo p- co o> o 
o sO -o o <t ON 
in en P- -o >t CNJ 
st P* ON CNJ in a> 
sO CM o ON co 
|| H H CM 

sO P- ao sO ON en 
en sO ON CM st P- 
BOIMHJ\Oi 
en o O en CNJ H 
CO    st   O sO Osl CO 
oo in H so in en 
III H -M 

o en p- o -o CM 
en oo en co ccft H 
CM en in o O en 
Nt   -t   Nt   in Nt >t 
co so st in in in 
H co in CM o ao 

I 
I 

en -t in P- H oo 
in H p- CM CM sO 
□ H H co in co 
-t in so oo co in 
>o >o ~o H <NJ p- 
in (M ON CM 'n CM 
H H |  |    H 

-J.-J  

co p- in vO co H 
in (M ON so en o> 
so H in CM ON en 
in in >t en H ON 
-t -o co co oo H 
o p- -t p-  |  >o 
CM   H H | 

1.1 .1  

ON ON QN sO -^  sO 
ON CM m H ON so 
ON m o sO CM o 
m so p- so o en 
p- so n H ON so 
■o m l r- -t CM 
li H CM 

<t o> in H co -t 
oo o en in en <M 
vt o in v0 x o 
CM sO ON sO CM ON 
H CM en r- o o 
ON so en en o co 
III H H 

st in so o oo in 
co -t o m oo en 
co en co -t oo CM 
o-tr 1 st H 
H st P- H in CM 
CM ON so i o m 
H  |   | H 
I 

in ON rn on p- p- 
-0 st en st -t en 
ON CO p*- O 00 sO 
CO ON O p- st p- 
co en ON ■o in p- 
m en o st H p- 
*-i ^H r-(  | 

I I I 

o o o o o o 
H en in o in o 

H H (M 

o o o o o o 
H en in o in o 

H H CM 

sO sO sO *0 sO sO 
,-t   i-l   t-1   r-t   •-*   r-1 

o o o o o o 

CO 00 CO CD CO CO 
.—I t-t  i—t   •—* H H 

a o o o o o 

o o o o o o 
H rn in o m o 

—I H CM 

o o o o o o 
CM CM CM CM CM CM 

o o o o o o 
H m in o in o 

CM CM CM OM CM CM 
CM CM CM CM CM CM 

<t Nt -t -Ct -t •* 
CM CM CM CM CM CM 

O O O O O D O O 3 O Ü O O O O O O O 

sOOfl rn CM ON 
en sO CO •t O m c 
O CM -t o ~o 00 0 
c in H p- CM r~i '■H 

-o on o —4 on in u 
o 00 o o -t H c! 
CM  H  H 

1  1  1 
H 

1 
1 13 

O 

a 
eel 
3 
d 
Ö 

o O o n o o < 
H en in o n 

H 
o 
CM ■Ü- 



53 

ASSUMPTION 2* INCLUDES TABLES FROM 21 TO 40. 

Calculations of the annual production rates are based on a 
geometric law of behavior with a first year production equal 
to 10 percent of the total recovery and a ratio q = 0. 92. 
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TABLES 21 TO 26 

EXPECTED FUTURE ANNUAL PRODUCTION 

These tables indicate the expected future annual 
production,   in a 20-year period for each entry of Table I, 
page   9.       Each entry of Table I is the total amount of gas 
recovered for each combination of gas in place and expected 
recovery rate. 
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TABLES 27 TO 32 

EXPECTED ANNUAL FUTURE GROSS REVENUE 

Each entry of these tables,   i.e.,   gross 
revenue per year,   is equal to the price times the corre- 
sponding expected annual production as given in Tables 
21 to 26.     The price chosen is $0. 15 per thousand cubic 
feet of gas produced. 
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TABLES 33 TO 38 

EXPECTED ANNUAL FUTURE NET REVENUE 

These tables indicate the expected annual future 
net revenues,   in a 20-year period,   defined as the 
difference between gross revenues and operational 
costs.    Operational costs are fixed at $7, 200 per year. 

i 
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TABLES 39 AND 40 

PRESENT VALUE OF EXPECTED FUTURE NET REVENUE 

These tables indicate the discounted present value 
of the total future net revenues,   obtained from Tables 33 to 
38 for the following rates: 6%,   8%,   10%,   12%,   14%,   16%. 
18%,   20%,   22% and 24%. 

I 
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